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INTRODUCT I O N  
Varying r a t i o s  of z i n c  and boron a r e  known t o  e x f s t  
i n  t h e  form of z i n c  bo ra t e s .  These b o r a t e s  may be bonded t o  
v a r y i ~  numbers of wa te r  molecules. The purpose of t h i s  
s tudy  w a s  t o  examine t h r e e  of t h e s e  hydrated forms which 
have been obtained from a commercial l a b o r a t o r y  i n  a n  
a t t empt  t o  determine t h e i r  composition and t o  determine t h e  
number of water  molecules a s s o c i a t e d  w i t h  each commercial 
b o r a t e  . 
Boron is t h e  f i f t h  element of t h e  p e r i o d i c  t a b l e .  I n  
t h e  form of borax (Na2~407*10H20) it has  been a product of 
i n d u s t r y  f o r  hundreds of y e a r s .  The element i t s e l f  i s  d i f -  
f i c u l t  t o  i s o l a t e  and many of i t s  e a r l i e r  ass igned  charac- 
t e r i s t i c s  by e a r l y  i n v e s t i g a t o r s  a r e  now known t o  r e f e r  t o  a 
h igh ly  impure oxygen conta in ing  m a t e r i a l .  
The b e s t  known compounds of boron a r e  d e r i v a t i v e s  of 
b o r i c  a c i d .  H3B03. and i t s  anhydride.  B203. 
Bora tes  a r e  understood t o  be t h o s e  molecules charac- 
t e r i z e d  by a combination of a metal  oxide,  boron oxide,  and 
u s u a l l y  one o r  more water  molecules. Seve ra l  b o r a t e s  have 
been i n v e s t i g a t e d ,  b u t  t h e  z i n c  bo ra t e s  have probably been 
s t u d i e d  t h e  l e a s t  of a l l  known b o r a t e s .  A reason  f o r  t h i s  
d i s p a r i t y  i s  t h a t  z i n c  b o r a t e s  can t h e o r e t i c a l l y  have a 
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mult i tude  of combinations of z i n c ,  boron, oxygen, and 
hydrogen. Thus t h e  p o s s i b l e  s t r u c t u r e s  of z i n c  b o r a t e s  a r e  
many 
Also, z i n c  b o r a t  e s  have been r e l a t i v e l y  unimportant 
i n  commercial c i r c l e s  u n t i l  t h e  last twelve t o  f i f t e e n  
yea r s .  Recently,  z i n c  bora te s  have been found t o  be a valu-  
a b l e  i n g r e d i e n t  i n  f i r e  r e t a r d a n t  systems f o r  such v a r i e d  
commercial products  as n a t u r a l  rubber ,  t e x t i l e s  such as 
b u r l a p ,  window shades,  and v a r i o u s  p a i n t s .  The exp lana t ion  
f o r  t h e  f i r e  p reven ta t ive  proper ty  is  t h a t  t h e  z i n c  b o r a t e s  
l o s e  water  of hydra t ion  as steam which he lps  snuff  out 
f lames.  
It was t h e  i n i t i a l  hope of t h i s  paper t h a t  s t r u c t u r e s  
of t h e  t h r e e  z i n c  b o r a t e s  under i n v e s t i g a t i o n  might be g iven  
d e f i n i t e  assignments.  However, it was soon r e a l i z e d  t h a t  
any sugges t ions  regard ing  molecular s t r u c t u r e  had t o  be made 
wi th  r e s e r v a t i o n .  
Various ions  mentioned i n  t h i s  paper have t h e  form; 
-4 -n 
BO~?, @05 , and ( ~ 0 ~ ) ~  . These forms were occas ional ly  
r e f e r r e d  t o  as t h e  o r thobora te ,  pyroborate ,  and metaborate 
an ions  r e s p e c t i v e l y .  
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11. H I S T O R I C L  RESUME 
D. H. ~ a b a k j i a n '  i n  1936 s t u d i e d  v a r i o u s  luminescent  
z i n c  b o r a t e  compounds which could be  obtained i n  e i t h e r  
v i t r e o u s  o r  c r y s t a l l i n e  form. -Kabakjian i n v e s t i g a t e d  t h e  
dependence of luminescence of v a r i o u s  compounds on t h e i r  
p h y s i c a l  s t r u c t u r e .  He found t h a t  z i n c  b o r a t e  compounds can 
be  made luminescent wi thout  t h e  a d d i t i o n  of any a c t i v a t o r .  
He mixed a p r o p o r t i o n  of z i n c  and b o r i c  a c i d  cor re -  
sponding t o  t h e  formula ZnB20b and hea ted  t h e  p r e p a r a t i o n  t o  
a tempera ture  of approximately  9 o 0 C  t o  form a n  amorphous 
mass. Fus ion  of t h i s  mass occurred nea r  1 0 0 0 ~ ~  t o  form a 
c l e a r  z i n c  b o r a t e  g l a s s .  H e  f u r t h e r  sub jec t ed  t h e  "pure1' 
z inc  borate t o  a cathode-ray spectrogram a n a l y s i s  and 
obta ined  a maximum emiss ion  a t  about  4000 A'. 
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Ingerson ,  Morey, and T u t t l e  i n  1948 made m e l t i w  
p o i n t  de t e rmina t ions  i n  t h e  system Zn0*3203. They d e t e r -  
mined t h e  mel t ing  p o i n t s  f o r  z i n c  oxide weight per  c e n t s  
ranging  from 47.2 p e r  cen t  t o  77.2 p e r  cen t .  It was assumed 
0 
t h a t  t h e  mel t ing p o i n t  of t h e  above system w a s  1000 C. An 
examinat ion was a l s o  made of a phase s tudy  of t h e  system 
ID. H.  Kabak j i a n .  "Dependence of Luminescence on 
P h y s i c a l  S t r u c t u r e  i n  Zinc a o r a t e  Compounds. lt  Phys i ca l  
aeview, L I  (March, 1 9 3 7 ) .  365-368. 
2 ~ a r l  1np;erson -- e t  al., "The Systems K20-Zn0-Si02, 
j-Si03,11 American Jou rna l  of Sc ience .  ZnO-B 0 - XXXI ( A p r i l ,  
1948). 37. 
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%n0°B203 and ZnOoB2O3. 
Edwards, Morrison, Ross, and s c h u l t z l  i n  1955 inves-  
t i g a t e d  t h e  s t r u c t u r e  of v a r i o u s  aqueous b o r a t e  Ions  w i t h  
t h e  i n f r a r e d  spectrum of a powdered sample of t e e p l i t e  which 
conta ined  t h e  s t r u c t u r e  H2B05. This  showed only a b s o r p t i o n  
-1 i n  t h e  r e g i o n  of 900-1000 cm. . However, it was be l i eved  
t h a t  a band f o r  a t e t r a h e d r a l  s t r u c t u r e  could be a s s igned  at 
-1 941 cm. accord ing  t o  s p e c i f i c  s e l e c t i o n  r u l e s .  The 
s y n t h e t i c  t e e p l i t e  w a s  prepared by mixing equa l  volumes of 
s a t u r a t e d  s o l u t i o n s  of sodium c h l o r i d e  and sodium bora t e .  
Of  cons ide rab le  i n t e r e s t  was t h e  work done i n  1956 by 
Har r i son  and ~ummel.  A phase r e l a t i o n s h i p  w a s  e s t a b l i s h e d  
i n  t h e  system con ta in ing  z i n c  oxide and b o r i c  oxide.  I t  w a s  
claimed t h a t  two compounds e x i s t e d ;  5ZnO*2B203 and ZnOeB203. 
Both compounds e x h i b i t e d  low and high polymorphic forms. 
F u r t h e r  examinat ion r evea led  ( ~ ( ) Z ~ O - B ~ O ~  t o  i n v e r t  
somewhat s l u g g l i s h l y  t o  t h e  h igh  tempera ture  ( @ ) Z ~ O * B ~ O ~  a t  
6 0 0 ' ~  and v e r y  r a p i d l y  a t  9 0 0 ~ ~ .  The mel t inq po in t  was 
determined t o  be 982 '~ .  
'john 0. Edwards -- e t  a l . ,  "The S t r u c t u r e  of t h e  
Aqueous a o r a t e  Ion , ' !  J o u r n a l  of American Chemical S o c i e t y ,  
W V I I  ( January,  1955-2bg. 
'D. E. Har r i son  and F. A .  Hummel, "Phase Z q u i l i b r i a  
and Fluorescence i n  t h e  System Zinc Oxide-Boric Oxide," 
J o u r n a l  of t h e  iClectrochemica1 S o c i e t y ,  C I I I  (September,  
1956),4n-w. 
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It w a s  a l s o  determined t h a t  t h e  3ZnO.2B203 compound 
w a s  t h e  only z i n c  b o r a t e ,  g l a s s y  o r  c r y s t a l l i n e ,  i n s o l u b l e  
i n  a c i d .  Melting p o i n t s  of 1 0 0 0 ~ ~  and 1 0 8 0 ~ ~  were a s s igned  
t o  ZnOeB2O3 and t o  5Zn0-2B203 r e s p e c t i v e l y .  
A d i r e c t  r e l a t i o n s h i p  between r e f r a c t i v e  index t o  a n  
accuracy  of f0.002 and pe r  cen t  cornposltion of z i n c  b o r a t e s  
w a s  in t roduced .  It w a s  a l s o  found t h a t  at c o n c e n t r a t i o n s  of 
z i n c  oxide above 70 p e r  cen t  i n  any z i n c  b o r a t e  made it 
imposs ib le  f o r  t h e  b o r a t e  t o  r e c r y s t a l l i z e  a f t e r  mel t ing  
i n t o  a g l a s s .  
D i f f e r e n t i a l  thermal  a n a l y s i s  d a t a  w a s  ob ta ined  f o r  
t h e  3 :2 ,  1:1, and 1:2 composit ion of ZnO t o  t h e  b o r a t e  an ion  
which had p rev ious ly  been hea ted  t o  800 '~.  A s h a r p  endo- 
thermic  peak w a s  observed a t  9 0 0 ~ ~  and thought  t o  be  due t o  
convers ion  of a low tempera ture  form of ZnOeB203 t o  t h e  
cub ic  h igh  tempera ture  form. 
The product of 1:l and 1 :2  composit ions of t h e  above 
form a f t e r  d i f f e r e n t i a l  t he rma l  a n a l y s i s  was shown by X-ray 
d a t a  t o  be cub ic  ZnO*B203. I g n i t i o n  l o s s e s  f o r  t h e  1:l and 
j : 2  composit ions of t h e  above form w a s  found t o  be 27.55 per  
cen t  and 17.83 pe r  cen t  r e s p e c t i v e l y .  Ca lcu la ted  weiyht 
l o s s e s  f o r  t h e s e  were p rev ious ly  e s t ima ted  t o  be 27.07 pe r  
cent and 17.51 p e r  c e n t .  
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S t e e l e  and ~ e c i u s '  i n  1956 made i n f r a r ed  absorp t ion  
s t u d i e s  of indium bora te  and attempted ca l cu l a t i ons  of fo rce  
cons tants  f o r  t he  bora te  ion. 
2 
Krogh-Hoe i n  1958 d id  an  a n a l y s i s  i n  t h e  i n f r a r e d  
spec t r a  region of va r ious  v i t r e o u s  and c r y s t a l l i n e  bora tes .  
It was ind ica ted  t h a t  varfous authors  have s tudied  g l a s s  
s t r u c t u r e s  by i n f r a r e d  absorpt ion  spec t ra .  Such s t ud i e s  
have o f t e n  been based on an  ass ignfng of peaks t o  d e f i n i t e  
s t r u c t u r a l  components l i k e  804, BO3, and SiO4 groups. How- 
eve r ,  warnings aga in s t  a n  a n a l y s i s  of t h i s  type have 
appeared. 
It was a l s o  ind ica ted  t h a t  s t r u c t u r e s  l i k e  t h e  BO4 
t e t r ahed ra  and BO3 t r i a n g l e s  i n  a g l a s s  w i l l  genera l ly  be 
s t ron3ly  coupled with t h e  s u r r o ~ n d i ~ y s .  It xas fur ther  
a s s e r t e d  that t h e s e  u n i t s  are usually connected to a three 
d inens iona l  network and a s p e c i f i c  regfon of this n e t w o r k  Is 
charac te r i zed  by lnfrare2 spectra. 
A coxparison of peaks i n  a  pass conpared t o  a crys- 
t a l l i n e  s t r u c t u r e  was fllustrated, The potassiaa S r u ~ i 2 e  
d l s c  technique was used in t h e  analys is .  
x .  C. SZeel. Infrared Absorption of b n t h a n n r  . 
- 
Scandlux. and Indiua 3orate sn.3 the Force Constants of 3 a x ~ 3 t e  
Ions.  journal of Chemical Ftyjsics. X < V  ( D e c e ~ 5 e r .  1356). 
11Sh-113~. 
J. ;*ogh-.u;oe, "The Inf rare.3 Spec t ra  of Soze : ' i t rec?is 
C ~ y s t a l l i n r :  Borates, Arkiu f o r  K e ~ i ,  X I 1  jFehnuary "A , 
1953) 475-$79. 
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1 Parsons and Milberg i n  1959 i n v e s t i g a t e d  v i b r a t i o n a l  
s p e c t r a  of v i t r e o u s  B203*H20 compounds. I t  w a s  shown t h a t  
t h e  glass s p e c t r a  were c o n s i s t a n t  with a random network 
s t r u c t u r e  i n  which each boron w a s  t r i a n g u l a r l y  coord ina ted  
by t h r e e  oxygen atoms and t h a t  t h e  presence of wa te r  l e a d s  
t o  weak hydrogen bonds between oxygen atoms. No evidence 
w a s  found f o r  any s u b s t a n t i a l  amount of t e t r a h e d r a l  coordina- 
t i o n  of boron by oxygen of e i t h e r  low o r  high water  conten t .  
2 Hart and Smallwood i n  1962 made an  examination of 
b o r a t e  an ions  w i t h  i n f r a r e d  techniques .  I d e n t i f i c a t i o n  of 
t h e  o r t h o b o r a t e  i o n  h a s  been p o s s i b l e  i n  a number of com- 
pounds and some f o r c e  cons t an t s  were c a l c u l a t e d .  The 
pyrobora t e  i o n  was found i n  o t h e r  compounds, however f r e -  
quenc ie s  were n o t  ass igned .  Suggested s t r u c t u r a l  arrange-  
ments f o r  v a r i o u s  b o r a t e  g r o u p i m s  were i n d i c a t e d .  It was 
i n d i c a t e d  t h a t  t h e  s t r u c t u r e  of t h e  pyroborate  z i n c  bo ra t e  
remained u n c e r t a i n .  
It was found t h a t  more c l e a r l y  reso lved  s p e c t r a  d i d  
no t  m a t e r i a l i z e  as t h e  specimens were cooled.  
'5. L. Parsons and M. 3. Milberg, l t V i b r a t i o n a l  
S p e c t r a  of Vi t reous  B20 ~ x H ~ O , ~ ~  Jou rna l  of The American 
Ceramic S o c i e t y ,  XLIII  9 June,  19.RTTT6338T- 
2 ~ ,  B. Hart and S. E. Smallwood, "An Examination of 
t h e  I n f r a r e d  S p e c t r a  of Borate Anions. It J o u r n a l  of Inorqanic  
Nuclear Chemistry. U I V  (December, 1962). - 
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1 Buerger, Laves, Menzer, and S t r a n s k i  d i d  a n  i n f r a r e d  
s p e c t r a  and s t r u c t u r e  a n a l y s i s  on some anhydrous z i n c  
b o r a t e s  i n  1962. The s p e c t r a  i n d i c a t e d  t h a t  a l l  boron atoms 
a r e  f o u r f o l d  coordinated by oxygen i n  t h e  c r y s t a l l i n e  modi- 
f i c a t i o n  and t h a t  a coord ina t ion  change occurs dur ing  t h e  
f u s i o n  process .  The s t a b i l i t y  of a b o r a t e  network wi th  
t e t r a h e d r a l  coordinated boron atoms was b r i e f l y  d i scussed  
wi th  r e f e r e n c e  g iven  t o  the  boron-oxygen bond angle .  
 PI. J. 3uerger ,  ItThe Infrared Spectra and t h e  Struc-  
t u r e  of Some Anhydrous L inc  Berates," Z e i t s c h r i f t  - f u r  
~ < r i s t a l l o y r a p h i e ,  CXVII (Auqust, 1 9 6 2 ) ,  166-170. 
CHAPTER I1 
The z i n c  b o r a t e s  which were ob ta ined  from a commer- 
c i a l  l a b o r a t o r y  were known t o  c o n t a i n  water of hyd ra t ion .  
Fur thermore,  t h e  manufacturer  s t a t e d - i n  h i s  a n a l y s i s  t h a t  
t h e  b o r a t e s  were non-hygroscopic. 
I. THERPIAL ANALYSIS 
Weight l o s s  v e r s u s  temperature .  To de te rmine  t h e  
amount of h y d r a t i o n  a s s o c i a t e d  wi th  each b o r a t e  sample,  i t  
w a s  neces sa ry  t o  c o n s t r u c t  a n  ins t rument  f o r  thermal  ana ly-  
sis.  An oven wi th  a n  a t t a c h e d  s e l e c t i v e  thermocouple con- 
t r o l  was employed. The oven w a s  equipped wi th  a pyrometer 
and any tempera ture  could be s e l e c t e d  and he ld  f o r  a n  indef -  
i n i t e  pe r iod  of t ime (See F igure  1 ) .  
An a n a l y t i c a l  ba lance  was p laced  above t h e  oven and a 
g l a s s  t e l e s c o p i n g  rod  connected t h e  weighing pan t o  a c r u c i -  
b l e  ha rnes s .  The c r u c i b l e  w a s  al lowed t o  hang half-way i n t o  
t h e  c y l i n d r i c a l  oven chamber. The oven w a s  covered wi th  a n  
a s b e s t o s  p l w  which had a ho le  a p p r o x i n a t e l y  3 m i l l i m e t e r s  
i n  d i ame te r  t o  a l l ow t h e   lass rod t o  s w i n g  e a s i l y .  
Using t h e  t he rma l  equipment, each oven d r i e d  sample 
w a s  examined f o r  p e r  cen t  w e i ~ h t  l o s s  a t  s e l e c t e d  tempera- 
t u r e s .  Lach tempera ture  was he ld  u n t i l  t h e  ba lance  came t o  
J 






( B )  S t r i p  Chart Recorder 
Chrome1 Wire 
Fiqure 1. ~ n s t r u m e n t  ( s )  f o r  Thermal Analysis. 
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equ i l ib r ium.  The purpose of t h i s  p a r t  of t h e  s tudy  was t o  
de te rmine ,  from a graph of temperature  v e r s u s  weight l o s s ,  
t h e  number of water  molecules which were coming o f f .  The 
number of s t e p s  on such a graph would be i n d i c a t i v e  of t h e  
number of molecules of water.  
Weight l o s s  v e r s u s  t ime. It was soon r e a l i z e d  t h a t  
-
such a n  a n a l y s i s  could be misleading because t h e  co rne r  of 
each l l s t ep l l  might be p l o t t e d  which would g i v e  t h e  appearance 
of a c o n t i n u a l  d i scha rge  of water  molecules p r o p o r t i o n a l  t o  
t h e  oven temperature .  
A s  a c r o s s  check f o r  t h e  weight l o s s  v e r s u s  tempera- 
t u r e  procedure ,  t h e  oven d r i e d  samples were analyzed by 
r eco rd ing  weight l o s s e s  a t  cons t an t  time i n t e r v a l s  as t h e  
oven 's  t empera ture  w a s  i nc reased  at  a uniform r a t e .  To 
ach ieve  t h e  uniform r a t e ,  t h e  pyrometer c o n t r o l s  were tu rned  
t o  t h e  maximum temperature  s e t t i n q  p o s s i b l e  and t h e  oven 's  
t empera ture  inc reased  a t  n e a r l y  a cons t an t  r a t e .  A s lower  
heat-up r a t e  w a s  n o t i c e a b l e  only a t  high tempera tures  beyond 
t h e  range of t h e  a n a l y s i s .  
The above two procedures  a l s o  save v a l u e s  f o r  l o s s  on 
i g n i t i o n  f o r  each oven d r i e d  sample. Loss on i g n i t i o n  f o r  
non-oven d r i e d  samples completed t h i s  phase of t h e  thermal  
a n a l y s  is. 
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S i n g l e  thermocouple a n a l y s i s .  A s t r i p  c h a r t  r e c o r d e r  
w a s  combined wi th  t h e  above thermal  equipment f o r  thermo- 
couple  a n a l y s i s .  A chromel-alumel thermocouple w a s  i n i t i a l l y  
employed t o  ana lyze  t h e  samples at  tempera tures  ranging  from 
room temperature  t o  temperatures  i n  excess  of 1 0 0 0 ~ ~ .  
Because of t h e  l a r g e  temperature  c h a w e ,  t h e  samples,  
u s i n g  a s i n g l e  thermocouple, were analyzed f o r  r e l a t i v e l y  
narrow tempera ture  ranges .  Larger  temperature  ranges  were 
p o s s i b l e ,  bu t  only i f  t h e  ampli tude of t h e  p o t e n t i a l  d i f f e r -  
ence w a s  diminished.  To overcome t h e s e  l i m i t a t i o n s ,  d i f f e r -  
e n t i a l  thermal  a n a l y s i s  w a s  employed. 
D i f f e r e n t i a l  thermal  a n a l y s i s .  Two a d j o i n i n g  thermo- 
couples  were placed i n s i d e  t h e  oven (See F igure  1). One 
thermocouple was p laced  i n  t h e  sample which w a s  i n  a porce- 
l a i n  c r u c i b l e  and t h e  o t h e r  w a s  kept  i n  t h e  sample 's  oven 
environment. Thus, a d i f f e r e n c e  i n  p o t e n t i a l  was only 
ach ieved  when t h e  temperature  i n s i d e  t h e  c r u c i b l e  d i f f e r e d  
from t h e  environmental  temperature .  Th i s  type  of a n a l y s i s  
a l lowed t h e  samples t o  be c o n t i n u a l l y  i n v e s t i g a t e d  f o r  tem- 
p e r a t u r e s  ranging from room temperature  t o  tempera tures  i n  
excess  of t h e  sample 's  mel t inq po in t .  Also,  t h e  ampli tude 
produced by t h e  d i f f e r e n c e  i n  p o t e n t i a l  could be s e l e c t e d  a t  
w i l l .  
INFRARED ANALYSIS 
A l l  of t h e  spectrophotometer  ana lyses  on b o r a t e s  
which were found dur ing  t h e  l i t e r a t u r e  r e sea rch  were 
examined i n  t h e  i n f r a r e d  range. 
The b o r a t e s  were analyzed using very  d k l u t e  propor- 
t i o n s  which were prepared i n  t i g h t l y  compressed potassium 
bromide d i s c s  t h a t  could be placed i n  t h e  spectrophoto-  
meter 's l i g h t  beam. 
The samples were i n v e s t i g a t e d  t o  determine similari- 
t i e s  i n  a b s o r p t i o n  f r equenc ies  at  v a r i o u s  c r i t i c a l  sample 
s t a t e s  as determined from t h e  d i f f e r e n t i a l  thermal  a n a l y s i s .  
I n f r a r e d  d a t a  w a s  a l s o  used t o  c l a s s i f y  t h e  b o r a t e s  as a 
s p e c i f i c  type  of z i n c  bora te .  Two e x t r a  a r t i f i c i a l  mixtures  
of t h i s  type of b o r a t e  were prepared and analyzed i n  t h e  
i n f r a r e d  range.  In previous s t u d i e s  i n f r a r e d  a n a l y s i s  has  
a l s o  been used t o  determine t h e  s t r u c t u r e  of v a r i o u s  bo ra t e s .  
Absorpt ion peaks a t  s p e c i f i c  ft-equencies i n d i c a t e d  p o s s i b l e  
s t r u c t u r a l  u n i t s  p re sen t .  The i n f r a r e d  ranqe was a l s o  used 
t o  examine water  of hydra t ion  which appeared a t  d e f i n i t e  
a b s o r p t i o n  f r equenc ies .  
PER CZNT C O M P O S I T I O N  ANALYSIS 
From t h e  i n f r a r e d  d a t a  t h e  b o r a t e s  were i n f e r r e d  t o  
belong t o  a d e f i n i t e  type  of zinc bora te .  The b o r a t e s  were 
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melted and allowed t o  s o l i d i f y  i n t o  a c l e a r  glass. Previous 
a n a l y s e s  have revea led  t h a t  t h e  r e f r a c t i v e  index i n c r e a s e s  
d i r e c t l y  wi th  t h e  pe r  cent  weight composition of z i n c  oxide 
i n  a z i n c  bo ra t e .  
The g l a s s e s  were cu t  w i th  a c i r c u l a r  diamond s a w  t o  a 
dimension which could be used i n  a n  Abbe Refractometer,  
A f t e r  c u t t i n g ,  t h e  g l a s s e s  were ground wi th  a glass g r ind ing  
wheel and t h e n  pol i shed  with  aluminum oxide. The indexes of 
r e f r a c t i o n  were found and t h e  per  cent composition of t h e  
b o r a t e s  were t o  be t a k e n  from a previous ly  cons t ruc ted  graph 
of p e r  cen t  weight c o m p o s ~ t l o n  ve r sus  r e f r a c t i v e  index. 
STANDARDIZATION OF EQUIPYINT 
Introduction- The oven, which was schematically 
illustrated in Figure 1, was warmed up and the pyrometer was 
checked against several thermometers. The pyrometer was 
shown to be in considerable disagreement with the tempera- 
tures as registered by the various thermometers. An attempt 
was made to adjust the electronic equipment associated with 
the oven's thermocouple, but no satisfactory equilibrium 
could be established. Therefore, a calibration curve for 
the pyrometer was constructed. 
The balance, which was schematically illustrated in 
Figure 1, had to be placed directly over the oven as dic- 
tated fsoa the experimental design of the equipment. 
Although the hole in the oven's plug was small as was the 
hole in the balance, it was considered necessary to check 
for the possible need of baffles between the balance and the 
oven. This was established by deter~ining a zero point 
reading as a function of temperature of the oven, 
The thermometers used in the study were used to 
determine the oven's actual temperature at l o w  temperatures. 
A correction for the fraction of the stem emersion of the 
thermoneter was computed. 
Pyrometer s t a n d a r d i z a t i o n .  The oven used i n  t h e  
s tudy  w a s  a heavy du ty  Lindberg oven wi th  a ,# 2 P l a t i n e l  
Thermocouple. 
, 
Actua l  oven tempera tures  between room temperature  and 
2 7 5 ' ~  were ob ta ined  wi th  thermometers. Above 2 7 5 ' ~  t h r e e  
p o i n t s  were p l o t t e d  corresponding t o  t h e  mel t ing p o i n t s  of 
l e a d ,  z i n c ,  and s i l v e r .  The mel t in3  p o i n t s  f o r  t h e  t h r e e  
e lements  a r e  327. ~ O C ,  419.k0c, and 960 .8 '~  r e s p e c t i v e l y .  
'The mel t ing  p o i n t s  were p l o t t e d  i n  F i s u r e  2 .  
The oven w a s  cons t an t ly  h ighe r  i n  temperature  t h a n  
t h e  pyrometer i n d i c a t e d .  Above 2 5 0 ' ~  t h e  oven's  temperature  
w a s  uniformly r e l a t e d  t o  t h e  ind ica t ed  pyrometer temperature  
as is i n d i c a t e d  by F iqure  2 .  
Thermometer emersion c o r r e c t i o n .  Daniels  has  g iven  a 
stem c o r r e c t i o n  f o r  p a r t i a l l y  submerqed thermometers which 
w a s  as fo l lows:  
Thermometers a r e  u s u a l l y  c a l i b r a t e d  f o r  t o t a l  
immersion of t h e  mercury and a c o r r e c t i o n  is  neces- 
s a r y  when p a r t  of t h e  s t e a  i s  exposed. The theraom- 
e t e r  w i l l  r ead  t o o  low i f  t h e  a i r  s u r r o u n d i q  t h e  
stem i s  c o l d e r  t h a n  t h e  ba th  i n  which t h e  bu lb  i s  
immersed, and t o o  high i f  t h e  a i r  i s  warmer. A 
second thermometer i s  placed near  t he  exposed stem 
and t h e  stem c o r r e c t i o n ,  S,  is  given by t h e  formula 
~=0.00016n(T-t ) 
where n- length of exposed mercury column i n  terms 
of s c a l e  degrees .  
T=temperature of llbathIf (oven)  
t=averaqe  temperature  of emerqent stem. 
Oven Temperature i n  Deqrees Cent iqrade 
F iqu re  2 .  Pyrometer Readinq v e r s u s  Actua l  
Oven Temperature. 
The f a c t o r  0.00016 is s u i t a b l e  f o r  t h e  g l a s s  
used i n  most thermometers. 1 
At a PYrometer s e t t i n g  of 204 '~.  t h e  thermometer 
r e g i s t e r e d ,  on an  average ,  261°c as i l l u s t r a t e d  I n  Table  I. 
The thermometer was llsubmergedlt i n t o  t h e  oven up t o  t h e  2 7 ' ~  
C a l i b r a t i o n .  
Thus a t  261°c; 
n=261°c - 2 7 ' ~  or  n=234OC 
~ = 2 6 1 O ~  
t=2g0c (determined wi th  another  thermometer) 
t h e r e f o r e ,  
0 s=(16 x (234)  (232)  = 8.7 c 
Therefore ,  t h e  a c t u a l  temperature  was t h e  pyrometer 
r e a d i n g  p lus  I1S1l o r  2 6 1 ' ~  p lus  ~ O C  o r  270'~. Other v a l u e s  
f o r  t h r e e  o t h e r  tempera tures  were included i n  Table I. 
Zero  p o i n t  of t h e  balance as a f u n c t i o n  of tempera- 
- -- -- -
t u r e .  The harness  which he ld  t h e  c r u c i b l e ,  as I l l u s t r a t e d  
-
i n  F igu re  1, was placed i n  t h e  oven and was balanced wi th  an  
e q u a l  weight a t  room t e a p e r a t u r e .  The balance dev ia t ed  by 
only t h r e e  t e n t h s  of a mil l igram when t h e  oven was hea ted  up 
t o  9 0 0 ~ ~ .  Th i s  charge i n  weight w a s  considered i r r e l e v a n t  
t o  subsequent measurements. 
l ~ a r r i r g t o n  Dan ie l s ,  Chemistry 
(New York: McGraw-Hill Company 
TASLE I 
STANDARDIZATION OF OVEN TEMPERATURE INCLUDING 
CORHZCTION FOR INCREASED TEMPERATURE READING 
DUE TO PARTIAL THERMOMETER EMERSION 
Pyrometer Temperature by Thermometer Add it i o n a l  Ac tua l  
d e a d i w  I n d i v i d u a l  Readings Average Temperature Temperature 
11 s 11 
T e m p e r a t u r e s  recorded by thermometer. 
+Temperatures recorded by mel t ing  p o i n t s  of meta l s .  
CHAPTER N 
THERMAL ANALYSIS 
Introduction. The zinc borates examined in this 
study were known to contain water of hydration. The oven 
illustrated in Figure 1 was employed to determine the number 
of water molecules present. It was believed that any zinc 
borate molecules containing a definite ratio of water mole- 
cules should lose its water of hydration at specific temper- 
atures. If two or more molecules of water were present, 
each water molecule per zinc borate  molecule^ could, 
theoretically, be driven off at different temperatures. 
Therefore, a determination of the fractional weight loss of 
the three zinc borate samples was made. 
Weight loss versus temperature. The samples were 
oven dried at 125'~ for at least two days. Two gram samples 
were placed in oven dried crucibles and an analysis for 
weight loss was done immediately. 
The samples were heated to predetermined temperatures 
whlch were selected from the pyrometer. The temperatures 
chosen for samples #112, 2 3 7 ,  and 3 2 5  were shown in Tables 
11, 111, and IV respectively. 
The selected temperatures were held until the sample 
ceased to lose weight. dhen it was possible to zero the 
balance by removing weights, the weiqht loss was considered 
TABLE I1 
AVERAGE PEB CENT NEIGHT L O S S  O F  SAMPLE NO. 112  
AT CONSTANT TEMPERATURES 
( S A M P L E S  OVEN D R I E D  AT 12'j0c) 
Yyrometer Actual Fract ional Weight Losses Average Per cent 
~emperature Temperature For Three Analyses 
No. 1 No. 2 No. 3 
weight Loss 
TABLE I11 
AVZRAGE PZR CENT WEIGHT LOSS OF SAMPLE NO. 237 
AT CONSTANT TEMPERATURES 
(SAMPLES OVEN DRIED AT 1 2 j 0 c )  
Pyrometer Ac tua l  F r a c t i o n a l  Weight Losses Average Per  Cent 
Temperature Temperature For  Three Analyses Weight Loss 
No. 1 No. 2 No. 3 
TABLE I V  
AVERAGZ PER CENT WEIGHT LOSS OF SAMPLE NO. 325 
AT CONSTANT TZMPERATLEUS 
(SAMPLES OVEN DRIXD AT 1 ~ 5 ~ ~ )  
Pyromet er A c t u a l  Fractional Weight Losses Average P e r  Cent 
Temperature Temperature For  Three Analyses 
No. 1 No. 2 No, 3 
Weight Loss 

2 5  
complete at that temperature and the next higher temperature 
was selected. 
After all weight-loss determinations were completed, 
a graph illustrating the per cent loss of each sample at 
specified temperatures was constructed (See Figure 2). 
Commentary on Figure 2--Weight loss versus tempera- 
- -
ture. Approximately identical fractional weight losses for 
-
sample #112 and #237 were given off at temperatures up to 
180'~. Sample #325 lost weight more slowly and was shown to 
contain the least amount of hydrated water per gram of oven 
dried sample. 
The three zinc borates investigated in the study were 
prepared commercially by the Humphrey Chemical Corporation 
and an analysis for per cent composition and per cent loss 
of ignition has been published. 
TABLE V 
PER CENT CO~OSITION AND LOSS ON IGNITION 
OF ZINC BORATES 
Designation Zinc Boron $ Loss On $ as ZnO $ as B2O3 Ignition 
*Humphrey Chemical Corporation, "ZB-112 ZB-237 
ZB-325 (Zinc ~orates), Bulletin No. 201. 
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Humphrey s t a t e d  i n  h i s  b u l l e t i n  t h a t  t h e  b o r a t e s  were 
n o n - h ~ g r o s c o p i c .  Furthermore,  ZB-237 was desc r ibed  as a 
b o r a t e  con ta in ing  a low pe r  cen t  of z i n c  and having a low 
s p e c i f i c  g r a v i t y .  The ZB-325 was descr ibed  as having a 
h i g h e r  s p e c i f i c  g r a v i t y  and h igher  z i n c  conten t .  
The weight l o s s  ve r sus  temperature  a n a l y s i s  as 
d e p i c t e d  i n  F igu re  3 i l l u s t r a t e d  t h a t  t h e  oven d r i e d  samples 
gave  approximately  one-half t h e  t o t a l  weight l o s s  t h a t  w a s  
r e p o r t e d  by Humphrey. Thus, t h e  commercial l a b o r a t o r y  has  
assumed t h a t  n e a r l y  a l l  of t h e  water  which w a s  d r i v e n  off  of 
t h e  z i n c  b o r a t e s  w a s  a c t u a l l y  p a r t  of t h e  z i n c  bo ra t e  com- 
p l e x  and was no t  absorbed water.  Evidence f o r  t h i s  was 
g i v e n  from t h e  smooth curve of t h e  graph.  If t h e r e  w a s  a 
t r a n s i t i o n  from adsorbed water  being d r i v e n  off  t o  hydrated 
wa te r  being d r i v e n  o f f ,  t h e  graph should have i n d i c a t e d  
t h i s .  
R e l a t i v e  t o t a l  weight l o s s  w a s  i n  agreement wi th  
Humphrey's a n a l y s i s ,  but  t h e  graph of F igure  3 cannot be 
cons ide red  t o  be a n  a c c u r a t e  q u a n t i t a t i v e  a n a l y s i s .  
I f  two o r  more water  molecules were a s s o c i a t e d  wi th  
each  b o r a t e  l lmoleculet t ,  each molecule might have been d r i v e n  
o f f  a t  d i f f e r e n t  t empera tures .  This  would have r e s u l t e d  i n  
a s t e p  down weight l o s s  t r ans fo rma t ion  and t h e  number of 
such s t e p s  would have been i n d i c a t i v e  of t h e  number of wate r  
molecules  a s s o c i a t e d  wi th  each bo ra t e .  The graph c l e a r l y  
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i n d i c a t e d  t h a t  no s t e p  down weight l o s s  w a s  achieved.  The 
g raph  w a s  smooth and a l l  changes i n  s lope  were g radua l .  
A p o s s l b l e  exp lana t ion  f o r  t h i s  w a s  t h a t  only one 
wa te r  molecule w a s  a s s o c i a t e d  wi th  each bo ra t e .  However, 
each wa te r  molecule would have similar bonding and should 
have been d r i v e n  of f  above a s p e c i f i c  temperature .  
However, t h e  oven was he ld  at a cons t an t  t empera ture  
u n t i l  p e r  c e n t  weight l o s s  ceased.  Thus, hydra ted  molecules 
were be ing  l t bo i l ed t l  off  i n  g radua l  amounts r a t h e r  t h a n  i n  
d i s c r e e t  u n i t s .  
Maximum weight l o s s  was uniformly achieved f o r  a l l  
t h r e e  samples at 4 0 0 ~ ~ .  F igure  3 i l l u s t r a t e d  t h a t  no sub- 
s t a n t  ia l  weight l o s s  occurred above t h i s  temperature  . Other 
samples were s u b j e c t e d  t o  t empera tures  s l i g h t l y  i n  excess  of 
1 1 0 0 ~ ~  and no f u r t h e r  weight l o s s  occurred.  
Weisht l o s s  v e r s u s  - t ime. Undried zinc b o r a t e s  were 
ana lyzed  by measuring f r a c t i o n a l  weight l o s s  a t  cons t an t  
t ime i n t e r v a l s  as t h e  oven was heated up i n  a uniform 
manner. Two gram samples were placed i n  t h e  oven a t  room 
tempera ture  and t h e  oven 's  pyrometer w a s  tu rned  t o  t h e  
maximum read ing .  Thus, t h e  oven 's  temperature  i nc reased  a t  
a maximum r a t e .  A uniform hea t ing  r a t e  was e s t a b l i s h e d  by 
t h i s  method and t h e  oven1 s temperature i nc reased  approxi-  
mately  5 0 ' ~  every minute. While t h e  oven's  temperature  was 
b e i w  inc reased  per  cen t  weight l o s s e s  were recorded each 
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minute.  It was f e l t  t h a t  t h i s  was a more ob jec t ive  means of 
de te rmining  t h e  P o s s i b i l i t y  of a step-down weight l o s s  t h a n  
w a s  t h e  de te rmina t ion  of temperature versus  weight l o s s .  It 
a l s o  served  as a convenient c ross  check. 
I n  t h e  weight l o s s  ve r sus  temperature de te rmina t ion  
( F i g u r e  3) t h e r e  e x l s t e d  t h e  p o s s i b i l i t y  t h a t  t h e  I1cornerst1 
of t h e  expected s t e p s ,  due t o  step-down weight l o s s ,  were 
p l o t t e d .  
Commentary on Figure  '+--Weight l o s s  ve r sus  time. The 
- - - -
r e s u l t s  of t h e  time ve r sus  weight l o s s  s tudy  were i l l u s -  
t r a t e d  i n  Figure  3 and d a t a  f o r  samples #112, 237, and 325 
were recorded i n  Tables  V I ,  V I I ,  and VIII r e s p e c t i v e l y .  
F igure  4 d e f i n i t e l y  i l l u s t r a t e d  t h a t  t h e  water  mole- 
c u l e s  were no t  d r i v e n  off  i n  a "step-down1! weight l o s s  
t r ans fo rma t ion ,  bu t  were t lboi ledl t  off  as w a s  formerly ind i -  
c a t e d  i n  Figure  3 .  
A comparison of Figures  3 and 4 revea led  a s i g n i f i -  
can t  d i f f e r e n c e  i n  t o t a l  weight l o s t .  The samples which 
were oven d r i e d  a t  1 2 5 ' ~  were considered i n  Figure 3 and t h e  
samples which were n o t  d r i e d  were considered i n  Figure  4. 
The non-dried sample had a  weight l o s s  of nea r ly  tw ice  t h a t  
of t h e  oven d r i e d  sample. The r e s u l t s  f o r  t o t a l  weight l o s s  
was i n  f a i r l y  c lose  agreement t o  t h e  va lues  l i s t e d  i n  
Humphrey's a n a l y s i s  as recorded i n  Table V .  The r e l a t i v e  
humidity was very h igh  (a lmost  100 per  c e n t )  while t h e  non- 
TABLE VI 
AVSRAGE PER CENT WEIGHT LOSS OF SAMPLE NO. 112 DURINZ; EQUAL 
TIME INTERVALS AND CONSTANT RATE OF TEMPERATURE INCREASE 
( SAMPES NOT OVEN DRIED) 
Pyrometer Actual Time Elapsed Fractional Weight A v e r a g e  Per Cent 
Temperature Temperature (Minutes) Loss For Weiqht Loss 
Two Analyses 
TABLE VII 
AVERAGE P E R  CENT WEIGHT L O S S  OF SAMPLE NO. 237 DURING EQUAL 
T I M B  I N T E R V A L S  AND CONSTANT RATE OF TEMPERATURE INCREASE 
( SAMPLES NCV OVEN DRIED) 
P y r o m e t e r  Actual T i m e  E l a p s e d  F r ac t i ona l  Weight A v e r a g e  P e r  C e n t  
T e m p e r a t u r e  T e m p e r a t u r e  ( Minutes )  Loss For  Weight Loss 
T w o  A n a l y s e s  
TABLE VIII 
AVEKAGE PER CSNT dEIGHT LOSS OF SAMPLZ NO. 325 DURING EQUAL 
TIJG INTERVALS AND CONSTANT RATE OF TEMPE3ATURE INCRZASE 
( SAMPLES NOT OVZN DRIED) 
Pyrome ter Actual Time Elapsed Fractional Weight Average Per Cent 




oven d r i e d  samples were s tudied f o r  per cent weight l o s s .  
Humphrey's a n a l y s i s  indicated a n  almost i d e n t i c a l  per  
c e n t  weight l o s s  on i g n i t i o n  f o r  sample #112 and 325. The 
temperature ve r sus  time ana lys i s  Indicated t h a t  t h e  a c t u a l  
weight l o s s  f o r  sample #I12 was about 24.5 per cent  r a t h e r  
t h a n  20 p e r  cent  as was indicated i n  Table V. Humphrey a l s o  
i n d i c a t e d  i n  Table V t h a t  sample #325 had only 1 per  cent  
l e s s  water  content  than  sample #112. The d a t a  obtained f o r  
t h e s e  samples (Table V I  and VII) indicated a d i f fe rence  of 
3.1 p e r  cen t .  However, the  samples inves t iga ted  i n  t h i s  
s tudy  were rece ived  from the  Humphrey laboratory approxi- 
mately one y e a r  p r i o r  t o  the  pr in t ing  of Table number V- 
Furthermore, Humphrey s t a t e d  i n  h i s  b u l l e t i n  t h a t  t h e  
r e s u l t s  i n d i c a t e d  i n  Table V a r e  not d e f i n i t e  f o r  each 
b o r a t e .  Th i s  w a s  f u r t h e r  subs tant ia ted  by the  number of 
s i g n i f i c a n t  f i g u r e s  used i n  the  tab le .  
F igure  4 revealed t h a t  the r a t e  of weight l o s s  w a s  
uniform f o r  t h e  t h r e e  borates.  However, as indicated i n  
Figure 3, sample #325 d i d  have a slower r a t e  l o s s  of weight 
t h a n  d i d  t h e  o t h e r  two borates .  Sample # I 1 2  and 237 had 
almost  i d e n t i c a l  r a t e s  of weight losses  f o r  the  f i r s t  seven 
minutes.  A f t e r  seven minutes t h e  oven had a t t a i n e d  a tem- 
p e r a t u r e  of 310'~. 
NO weiqht l o s s  w a s  observed u n t i l  1 2 0 ~ ~ .  Thus, the  
samples were concluded t o  be very non-h~i3rosco~ic  because 
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adsorbed  wate r  would have come off  a t  a much lower tempera- 
t u r e .  
A f t e r  t h e  oven had a t t a i n e d  a temperature of 5 0 0 ~ ~ .  
t h e  weight  l o s s  was complete f o r  a l l  samples. The time 
r e q u i r e d  f o r  t h e  oven t o  go  from room temperature t o  5 0 0 ' ~  
w a s  abou t  12  minutes.  
F igu re  4 i l l u s t r a t e d  t h e  d i f f e r e n c e  i n  r a t e  of weight 
l o s s  of wa te r  from a n  oven d r i e d  sample (#237) and a b o r a t e  
which w a s  n o t  oven d r i e d .  The non-oven d r i e d  sample had a 
p e r  c e n t  weight  l o s s  of nea r ly  2.5 t imes as g r e a t  as d i d  t h e  
sample d r i e d  a t  125-130'~ f o r  s e v e r a l  days.  Thus, even 
thoup;h t h e  samples d i d  reach  a maximum weight l o s s  a t  chosen 
t e m p e r a t u r e s  (See F igu re  3 ) .  they would cont inue t o  l o s e  
weiqht  on prolonged s t and ing  a t  a cons tan t  temperature.  
T h i s  weight  l o s s  w a s  s o  g radua l  t h a t  it could not  be 
d e t e c t e d  wi th  a n  a n a l y t i c a l  balance.  
A s tudy  of weight l o s s  on i g n i t i o n  w a s  done on each 
b o r a t e  and t h e  r e s u l t s  obta ined were i d e n t i c a l  t o  t h e  t o t a l  
p e r  c e n t  weight  l o s s  obta ined from t h e  weight l o s s  v e r s u s  
t ime  s t u d y  and r e p o r t e d  i n  Tables  V I ,  V I I ,  and V I I I .  
Thermocouple a n a l y s i s .  A melting po in t  de t e rmina t ion  
was o r i ~ i n a l l y  a t tempted  by v i s u a l  means. A c r u c i b l e  con- 
t a i n i n y  a f i v e  gram sample of z i n c  bo ra t e  was placed i n  t h e  
oven. A s h o r t  range t e l e scope  w a s  cons t ruc ted  and a n  
35 
a t t e m p t  w a s  made t o  determine the  melt ing po in t  of t h e  
b o r a t e  by v i s u a l  means. The bo ra t e s  cont rac ted  t o  approxi-  
mate ly  o n e - f i f t h  of t h e i r  o r i g i n a l  volume as t h e  temperature  
exceeded 6 0 0 ~ ~ .  A d e f i n i t e  melt ing po in t  was not es tab-  
l i s h e d  by v i s u a l  means. The sample appeared t o  approach a 
f l u i d  s t a t e  ve ry  g radua l ly .  
A second a t t empt  was made t o  determine t h e  mel t ing  
p o i n t  by r a t e  of change of temperature of t h e  oven with  
r e s p e c t  t o  t ime.  A t e n  gram sample was placed i n  t h e  oven 
and t h e  oven ' s  temperature  w a s  increased at a maximum r a t e .  
A g r a p h  of r a t e  of change of temperature ve r sus  t ime w a s  
c o n s t r u c t e d .  On such a graph t h e  melt ing po in t  would have 
been i n d i c a t e d  by a s l i g h t  decrease  i n  r a t e  of i nc rease  of 
t h e  ovent  s tempera ture .  No decrease  was ind ica t ed  from t h e  
g raph ,  p robably  because t h e  oven's  hea t  capac i ty  g r e a t l y  
exceeded t h a t  of t h e  sample's.  
A t h i r d  a t t empt  t o  determine t h e  bo ra t e  s m e l t i w  
P o i n t  was a t t empted  us ing  a thermocouple of alumel and 
chrome1 wi re .  A f i v e  gram sample w a s  placed i n  t h e  oven as 
i l l u s t r a t e d  i n  F igure  1. The chromel-alumel thermocouple 
w a s  p l aced  i n  t h e  sample and t h e  oven's temperature w a s  
i n c r e a s e d  at  a uniform r a t e .  This proved t o  be unsucces s fu l  
because t h e  ampl i tude  of t h e  s t r l p  c h a r t  r eco rde r  had t o  be 
d e c r e a s e d  d r a s t i c a l l y  t o  record t h e  v o l t w e  produced by t h e  
l a r > y e  tempera ture  i n c r e a s e .  The thermocouple had t o  be 
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ü laced i n  t h e  powdery z i n c  bora te  sample below 6 0 0 ~ ~ .  Above 
6 0 0 ' ~  t h e  b o r a t e  sample cont rac ted  and became very hard.  
D i f f e r e n t i a l  thermal  ana lys i s .  A melting po in t  
d e t e r m i n a t i o n  was achieved f o r  each bora te  by using d i f f e r -  
e n t i a l  t he rma l  a n a l y s i s .  A double thermocouple of alumel 
and chrome1 was employed as ind ica ted  i n  Figure 1. Five 
grams of t h e  powdery bora te  samples were placed i n  a c ruc i -  
b l e  a t  room temperature .  A strip cha r t  recorder  p l o t t e d  any 
change i n  p o t e n t i a l  of t h e  double thermocouple as t h e  oven's  
t empera tu re  was i nc reased  t o  beyond the  sample's mel t ing 
p o i n t .  The r e s u l t s  f o r  t h e  t h r e e  z i n c  bora tes  were recorded 
i n  F i g u r e  5. 
A d e f l e c t i o n  towards t h e  bottom of t h e  graph ind i -  
c a t e d  a n  endothermic r e a c t i o n  i n  which the  temperature 
i n s i d e  t h e  c r u c i b l e  was l e s s  than  the  temperature ou t s ide .  
An exothermic t r ans fo rma t ion  in.si.de t h e  c ruc ib l e  made t h e  
s ample ' s  t empera ture  g r e a t e r  t han  t h e  sample's environmental  
t empera tu re  and t h e  s t r i p  cha r t  recorder  was d e f l e c t e d  
towards t h e  t o p  of t h e  graph. 
The d i f  f e r e n t i a l  thermal a n a l y s i s  was not a q u a n t i t a -  
t l v e  a n a l y s i s  i n  t h a t  no numerical hea t  u n i t s  were ass igned  
t o  t h e  d e f l e c t i o n  produced by t h e  challge i n  p o t e n t i a l  of t h e  
double  thermocouple.  However, r e l a t i v e  hea t  t rans format ions  
were ve ry  i n d i c a t i v e  of t h e  samples 

Commentary on Figure  5- -Di f fe ren t ia l  thermal a n a l y s i s .  
-
A l l  samples  were oven d r i e d  a t  1 2 5 ' ~  and t h e  thermal  a n a l y s i s  
w a s  begun a t  room temperature.  
F igu re  5 i n d i c a t e d  t h a t  an  endothermic transition 
took  p l a c e  immediately fol lowing 2 4 ' ~  o r  room temperature.  
The smooth curve beginning a t  room temperature and continu- 
i ng  t o  approximate ly  6 0 0 ' ~  was due t o  t h e  emanation of wate r  
from t h e  z i n c  bo ra t e s .  I d e a l l y ,  t h e  endothermic curve 
should have begun a t  1 2 5 ~ ~ .  t h e  temperature a t  which t h e  
samples  were d r i e d .  However, probably a t  lower temperatures  
t h e  samples  had a s u b s t a n t i a l  lag r e l a t i v e  t o  t h e  environ- 
menta l  t empera ture  of t h e  oven chamber. This e f f e c t  would 
have become nominal a t  high temperatures.  
S ince  t h e  dehydra t ion  curves were smooth, it w a s  
a g a i n  e s t a b l i s h e d  t h a t  t he  water  of hydra t ion  was not  d r i v e n  
o f f  i n  d i s c r e e t  u n i t s  correspondinq t o  t h e  number of wate r  
molecules  a s s o c i a t e d  wi th  each borate .  The water molecules 
were shown t o  be d r i v e n  of f  uniformly. S imi l a r  r e s u l t s  were 
i l l u s t r a t e d  i n  F igures  3 and 4. 
The r e l a t i v e  magnitudes of t h e  endothermic dehydra- 
t i o n  c u r v e s  were i n  complete agreement with previous  d a t a  as 
i l l u s t r a t e d  i n  F igures  3 and 4. Sample #325 had a n  endo- 
t he rmic  d e f l e c t i o n  s l i g h t l y  l e s s  than  sample #112* This  was 
In e x c e l l e n t  agreement with Humphrey's a n a l y s i s  as recorded 
in T a b l e  v Sample 6237 was shown t o  conta in  a l a r : ~ e r  endo- 
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t h e r m i c  d e f l e c t i o n  t h a n  t h e  o the r  two borates .  This  a l s o  
cor responded  t o  Table V and Figures  3 and 4. 
The r e l a t i v e  magnitudes of t h e  exothermic peaks nea r  
6 0 0 ' ~  and n e a r  1 0 0 0 ~ ~  were inverse ly  r e l a t e d  t o  t h e  ampll- 
t u d e  of t h e  dehydra t ion  curves. Thus, t h e  samples contain-  
t h e  g r e a t e s t  p e r  cen t  of water  had a smal le r  pe r  cen t  of 
z i n c  and boron which was subs t an t i a t ed  by t h e  ampli tudes  of 
t h e  peaks  a t  6 0 0 ' ~  and 1 0 0 0 ~ ~ .  
Sharp peaks were i nd i ca t ed  f o r  exothermic t r a n s i t i o n s  
n e a r s  6 0 0 ' ~  and f o r  endothermic t r a n s i t i o n s  near  1 0 0 0 ~ ~ .  
Thus, t h e  h e a t  t rans format ions  were regarded as a q u a l i t a -  
t i v e  means of i d e n t i f y i n g  any sample. 
It w a s  shown from Figure 5 t h a t  t h e  graphs  of a l l  
t h r e e  samples d i d  no t  r e t u r n  t o  t h e  f t n e u t r a l u  p o s i t i o n  
between t h e  endothermic and exothermic hea t  t rans format ion .  
However, a l l  samples c o n s i s t e n t l y  re turned  t o  t h e  same 
o r d i n a t e  p o s i t i o n ,  which was an  i n d i c a t i o n  of t h e  reproduc- 
i b i l i t y  of t h e  d a t a .  The r e p r o d u c i b i l i t y  was checked f o r  
each sample. The graphs  were almost i d e n t i c a l  and any 
descrepancy  between t h e  graphs of t h e  same sample could not  
be r eco rded  on a graph having the  dimensions of Figure  5. 
a a r r i s o n  and ~ummel' have s tud ied  phase e q u i l i b r i a  
f o r  z i n c  oxide-boron oxide systems and have found t h a t  low 
'D. E. Har r i son  and F. A. Hummel, Itphase S q u i l i b r i a  
and F luorescence  i n  t h e  System Zinc Oxide-Boric Oxide," 
J o u r n a l  of t h e  Electrochemical  Soc ie ty ,  CIII ( ~ e p t e m b e r ,  
1936),4gi.- 
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tempera ture  (4 ZnO0B2O3 inve r t ed  slwg;ishly t o  t h e  cubic  
h igh  tempera ture  ( b )  ZnO0B2O3 a t  6 0 0 ~ ~  and determined t h e  
me l t lng  p o i n t  of t h i s  bora te  t o  be 9 8 2 ' ~  f 3 ' ~ .  
Ingerson,  Morey, and T u t t l e  i nves t iga t ed  t h e  
ZnO*B203 system and t h e  r e s u l t s  were recorded i n  T a b l e  IX. 
TABLE IX 
LIQUIDUS DETERMINATIONS I N  TRE SYSTEM ZnO-B203 
Des igna t ion  Composition Liquidus Primary 
Weight $ Temperature Phase 
ZnO B2°3 OC 
1 47.2 52.8 998 2 l i q u i d  l a y e r s  
2 53.6 46.4 998 Zn0.B203 
3 59.3 40.7 1001  ZnO0 B203 
4 63.9 36.1 998 Z ~ O . E ~ O ~  
* E a r l  Ingerson et al . ,  "The Systems K20-Zn0-Si02. 
Zn0-B203-si02, ~ r n e r i c a n  s u r n a l  of Science. XXXI ( ~ p r i l .  
194-8).  37. 
CHAPTER V 
PER CENT C O N P O S I T I O N  A N A L Y S I S  
R e f r a c t i v e  index a n a l y s i s  of z i n c  bora te  g l a s s e s .  
- -- 
- 
H a r r i s o n  and ~ummel' i n  1956 analyzed s e v e r a l  z i n c  b o r a t e s  
Zno and B203 ComPosi t ion~.  They prepared varying pro- 
port ions of ZnO and H3B03 by mixing the  c o r r e c t  r a t i o s  i n  a n  
a g a t e  mor tor  wi th  reagent  grade acetone u n t i l  it evaporated 
and a wh i t e  powder r e s u l t e d .  
It was s t a t e d  t h a t  c a l c i n e s  were prepared i n  plat inum 
c r u c i b l e s  a t  temperatures  ranging from 5 0 0 ' ~  t o  9 8 0 ' ~  wi th  
firing t imes  ranging from 10 hours t o  6 weeks. 
Although it  was not  c l e a r  from Harrison and Hummel's 
a r t i c l e ,  it appeared t h a t  t h e  g l a s s e s  were made from t h e  
c a l c i n e s .  Ca lc ines  r e f e r r e d  t o  d r i e d  z i n c  bora tes .  They 
f e l t  t h a t  t h e  i n v e s t i g a t i o n  of t he  system might be compli- 
c a t e d  by composi t ional  changes dur ing t h e  o r i g i n a l  m e l t i w  
of t h e  g l a s s e s  o r  l a t e r  dur ing the  quench work. To a s s e s s  
t h i s  p o s s i b i l i t y ,  t h e  1:l composition which had been pre- 
pared  as a c a l c i n e  and by f u s i o n  was analyzed by chemical 
and i g n i t i o n  l o s s  methods. Harrison and Humme1 a l s o  s t a t e d  
t h a t  at  g r e a t e r  t h a n  70.0 per  Cent ZnO, it was impossible t o  
r e t a i n  a glass no ma t t e r  how rap id ly  t h e  sample was quenched* 
l ~ a r r i s o n  and Hummel. 2. Pa 496. 
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The graph  of r e f  r a c t i v e  index of varying composit i ons  
of z i n c  b o r a t e  g l a s s e s  were ind ica ted  by Harrlson and Hummel 
and i s  shown below. 
REFRACTIVE INDEX VS. COMPOSITION FOR ZINC 
OXIDE-BORIC OXIDE GLASSES 
WEIGHT PER CENT 
H a r r i s o n  s t a t e d  t h a t  t h e  immersion technique was used 
t o  de te rmine  t h e  r e f r a c t i v e  indexes of g l a s s e s  and c r y s t a l s  
t o  a n  accuracy  of k0.002, using white l i g h t  and index o i l s  
which were c a l i b r a t e d  wi th  an  Abbe re f rac tometer .  Measure- 
ments of r e f r a c t i v e  indexes i n  t h i s  s tudy a l s o  employed a n  
Abbe r e f r a c t o m e t e r  and an index o i l .  A s tandard ized  cube of 
glass w a s  used t o  s t anda rd i ze  t he  ins t rument* 
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Harrison and Hummel  also made an examination of the 
borates f o r  polymorphic inversion at high temperatures. 
FIGURE 7 
TKE SYSTEM ZnO*BZ03 
I 5 :2 1 :1 
MOLECULAR RAT I0 
1200. 
Harrison also stated that the original starting 
material contained no h i g h  temperature ZnO-B203. The beta 
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form was described as having a cubic structure. 
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Harrison and Hummel determined a rate of inversion 
of 4 t o 8  Zn0*B203 at various h i g h  temperatures. 
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A t  7 1 3 ' ~  approximately 70 per  cent  of t h e  a lpha  form 
had i n v e r t e d  t o  t h e  b e t a  form a f t e r  75 hours of f i r i w  t ime.  
A t  740°c 30 per  cent  had inver ted  t o  t h e  b e t a  
form after  13 hours of f i r i n g  time. A t  7 8 6 ' ~  approximately 
60 p e r  c e n t  of t h e  ZnOeB203 had inver ted  t o  t h e  b e t a  form 
a f t e r  13 hours .  Thus, t h e  g l a s s  samples of Harr ison and 
Hummel were conver ted pr imar i ly  t o  t h e  be ta  form i f  they  
were p repa red  from t h e  ca l c ines .  It was very ev lden t  from 
t h e i r  g r aph  t h a t  at  h igher  temperatures,  t h e  r a t e  of inver -  
s i o n  from t h e  a l p h a  t o  t h e  b e t a  form increased very r a p i d l y .  
However, no r a t e s  were i nd i ca t ed  f o r  samples heated t o  t h e  
b o r a t e ' s  me l t i ng  p o i n t  of about 1 0 0 0 ~ ~ .  It was observed 
from t h e i r  graph of r a t e  of b e t a  invers ion  t h a t  a t  tempera- 
t u r e s  c l o s e  t o  t h e  mel t ing po in t  of t h e  bo ra t e s  t h a t  a very  
h i g h  percen tage  of t h e  bora tes  were Immediately converted t o  
t h e  b e t a  form. 
P r e p a r a t i o n  of   lass samples f o r  r e f r a c t i v e  index 
a n a l y s i s .  The g l a s s e s  were prepared from 5 grams of t h e  
Powdery b o r a t e s  which were weighed i n t o  po rce l a in  c r u c i b l e s .  
The samples  were placed i n  a n  oven a t  a temperature s l i g h t l y  
above t h e  b o r a t e ' s  mel t ing point  of approximately 1 0 0 0 ~ ~  and 
a l lowed t o  remain a t  a temperature above t h e  melt ing po in t  
f o r  t e n  minutes.  The samples were quenched qu ick ly  by sub- 
j e c t l q  them t o  room temperature u n t i l  cool .  Clear g l a s s e s  
r e s u l t e d  from every b o r a t e ,  however, o f t e n  t h e  bo ra t e s  would 
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crack  upon c o o l i ~  and were discarded. 
The g l a s s e s  were cut  with a c i r cu la r  diamond edged 
saw. S p e c i a l  precaut ion was taken by polishing the  g lasses  
wi th  a glass gr inding  wheel which was sprayed with water. 
The wa te r  served as an a i d  t o  obtaining a smoother surface 
and a l s o  kept  t h e  g l a s s e s  a t  a lower temperature while being 
ground. Fur the r  pol ishing,  i f  necessary, was done with an 
a b r a s i v e  of aluminum oxide on a sheet  of p la t e  glass. 
S p e c i a l  c a u t i o n  was taken t o  make the  zinc borate g lasses  
have two f l a t  ad jacent  s ides  with a r i g h t  angle between 
t h e s e  s i d e s .  
An Abbe refractometer  was used f o r  r e f r a c t i v e  index 
measurements. The g l a s s e s  were held i n  place on the  r e f rac -  
tometer  by a n  index l i q u i d  of alpha-Bromonaphthallne. 
A t a b l e  of t h e  r e s u l t s  obtained f o r  the  3 z inc  
b o r a t e s  and f o r  a s p e c i a l  z inc  borate which was a r t i f i c a l l y  
made f o r  r e fe rence  were l i s t e d  i n  Table X. 
Each r e f r a c t i v e  index l i s t e d  i n  Table X was done on a 
d i f f e r e n t  sample. I d e n t i c a l  r e f r a c t i v e  indexes were 
Obtained f o r  sample #112 and 237. Sample #325 gave re f rac -  
t i v e  indexes s l i g h t l y  higher than the  other two samples. 
Assuming a r e f r a c t i v e  index f o r  sample #325 a s  indica ted  i n  
Table IX, Fiqure 6 gave a value f o r  the  per cent composition 
of ZnO t o  be about 57 per cent.  
TABLE X 
REFRACTIVE INDEXES OF Z I N C  BORATE GLASSES 
D e s i g n a t i o n  Ref rac t ive  Index of Sample No: 
1 2 3 4 
ZB-112 1.6345 1.6342 1.6342 --- 
ZB-237  1.6345 1.6345 1.6348 --- 
ZB-325  1.6485 1.6485 1.6475 --- 
579 ZnO 
P r e p a r a t i o n  
An a r t i f i c i a l  sample of ZnO and H3B03 was mixed t o  
g i v e  a b o r a t e  c o n t a i n i r g  57 pe r  cent  ZnO. This mixture w a s  
mel ted  a t  abou t  1 0 5 0 ~ ~  f o r  t e n  minutes and quenched i n  air .  
The commercial l abora tory  from which the  b o r a t e s  were 
o b t a i n e d  i n d i c a t e d  t h a t  t h e  per  cent  of ZnO in samples #112, 
237, and 325 were d i f f e r e n t  ( s e e  Table V )  . Theref o r e ,  t h e  
r e f r a c t  i v e  index of each sample should have been d i f f e r e n t .  
Thus,  i t  w a s  concluded t h a t  t h e  r e f r a c t i v e  index nethod w a s  
no t  a v a l i d  means of determinine: t he  per  cent  composition of 
ZnO and B2O3 i n  t h e  bo ra t e s .  
C l a s s i c a l  chemical  a n a l y s i s  of z inc  bora tes .  S n e l l  
and ~ i k f  en1 o u t l i n e d  a c l a s s i c a l  volumetr ic  a n a l y s i s  f o r  
l ~ o ~ t e r  D. S n e l l  and F'rank M. Bikfen,  Commercial 
Methods of Anal s i s  (New York: Chemical P u b l i s h l m  Companv, 
-*mpp. 50 -50 
ZnO. The z i n c  was p r e c i p i t a t e d  by potassium f  erro-cyanide 
as white KzZn3 b e (  C N ) ~  2 TWO drops of a very d i l u t e  solu- 
t i o n  of FeCl3 was used t o  render  t h e  s o l u t i o n  b lu i sh  u n t i l  
t h e  end p o i n t  was approached. 
A d i l u t e  s o l u t i o n  of uranyl  a c e t a t e ,  s l i g h t l y  a c i d i -  
f i e d  w i t h  a c e t i c  a c i d .  was used as an ex te rna l  i n d i c a t o r  on 
a s p o t  p l a t e .  The end point  was determined by a brown t i n g e  
appea r ing  i n  t h e  i n d i c a t o r  approximately 30 seconds a f t e r  a 
d r o p  of t h e  z i n c  s o l u t i o n  was added. The r e s u l t s  obta ined 
were recorded  i n  Table  X I .  
TABLE X I  
MILLILITERS OF Fe( CN) REQUIRED 
FOR PmcIPI  4 ATION S F Zn 
Sample No. Mls. For P r e c i p i t a t i o n  Average M l s .  
Loss on dry ing  f o r  t h e  t h ree  samples a t  9 0 ' ~  f o r  two 
hours  was recorded i n  Table X I I ,  
TABLE X I 1  
PER CENT WEIGHT LOSS FOR SAMPLES DRIED AT 90°C 
Sample No. F r a c t i o n a l  Weight Loss Avg. .% Loss 
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The z i n c  berates were considered t o  be non-hygroscopic 
and no c o r r e c t i o n s  were made f o r  t h e  per  cent  compositions 
recorded  i n  Table X I 1 1  which were done on non-oven d r i e d  
samples .  S t anda rd i za t ion  of t h e  Q F ~ (  cN) 6 s o l u t  ion revea led  
1 m i l l i l i t e r  of t h e  s o l u t i o n  t o  be equlvalent  t o  .0063 grams 
of ZnO. 
TABLE X I 1 1  
PER CENT WEIGHT COMPOSITION OF Z I N C  
BORATE SAMPLES #112, 237, AND 325 
- -  ~pp 
Sample No. @no $ Loss On $ B O  b 
I g n i t i o n  Dif g 3  erence 
Loss on i g n i t i o n  f o r  t h e  non-oven d r i e d  samples w a s  
r ecorded  i n  Table X I I I .  The samples were heated t o  8 0 0 ' ~  
f o r  one hour ,  
The p e r  cent  of B203 i n  t h e  t h r e e  z i n c  bora tes  w a s  
ob t a ined  by s u b t r a c t i w  t h e  per  cent  of ZnO and t h e  per  cent  
of H20 f o r  each sample from a t h e o r e t i c a l  100 per cen t  f o r  
t h e s e  t h r e e  c o n s t i t u e n t s .  The r e s u l t s  were recorded i n  
Tab le  X I I I .  
Mole r a t i o  of ZnO : & O l  from cent  composition 
- - - 7 
a n a l y s e s .  T h e o r e t i c a l  mole r a t i o s  of ZnO t o  520j were 
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p l o t t e d  a g a i n s t  weight per  cent  of ZnO i n  a sample and were 
r lotted i n  F igu re  8. Molecular r a t i o s  of sample #112. 237. 
and 325 were llreadtl from t h e  f igure .  assumiw t h a t  t h e  
b o r a t e s  were t o t a l l y  composed of ZnO and B203 a f t e r  t h e  
w a t e r  of h y d r a t i o n  had been removed. The values  f o r  t h e  per  
c e n t  composi t ion of ZnO and B2O3 were obtained by i n c r e a s i w  
t h e i r  percen tages  by a f a c t o r  which was d i r e c t l y  propor- 
t i o n a l  t o  t h e  p e r  cen t  of l o s s  on i g n i t i o n  due t o  dehydra- 
t i o n .  
F i g u r e  8 i l l u s t r a t e d  t h a t  sample #112, 237, and 325 
had molecu la r  r a t i o s  of ZnO:BZOg of very near ly  1:l. 3:4. 
and 4:3 r e s p e c t i v e l y .  
Number - of water  molecules assoc ia ted  with each 
--
b o r a t e .  Table  XI11 was constructed t o  i l l u s t r a t e  t h e  per  
c e n t  i g n i t i o n  l o s s  due t o  dehydration f o r  var ious  t h e o r e t i c a l  
z i n c  b o r a t e s .  
1 Harr i son  and Hummel d id  a per cent  weight l o s s  on 
i g n i t i o n  a n a l y s i s  f o r  a 1:l composition of ZnO and B203 and 
ob ta ined  a p e r  cen t  l o s s  on i g n i t i o n  of 27.5 per  cen t .  
Bor ic  a c i d ,  H3903, can be represented as having t h e  
fo l lowing  composition. 
2H3BO3 -> 3H20 + B2o3 
From Table X I V ,  a r e l a t i o n s h i p  between the  number of 
H z 0  molecules and ZnO and B203 was observed. Sample #112. 
' ~ a r r i s o n  and Hummel. 2. P o  495* 
TABLE X N  
T H E O R E T I C A L  % L O S S  ON IGNITION FOR THE SYSTEM ZnO :B203 
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which had a composition very close t o  1Zn0:1B203, l o s t  an 
equ iva len t  of 3 Hz0 molecules. Sample #23? and 325 had 
Zn0:B2o3 r a t i o s  of very nearly j:4 and 4:3 respect ively.  
These r a t i o s  l o s t  approximately an equivalent of 1 2  and 9 
H20 molecules on dehydration respectively.  
Thus, i t  appeared t h a t  a d e f i n i t e  number of water 
molecules was associa ted  with each borate and the number of 
such water  molecules was d i r e c t l y  proportional t o  the  number 
of B203 ions  i n  t h e  whole borate molecule. Three molecules 
of water  appeared t o  be associated w i t h  each borate  ion. 
Harr ison and Hummells value of a 27.5 per cent  weight 
l o s s  for a 1:1 ZnO:B2o3 composition w a s  i n  c lose agreement 
wi th  t h e  d i r e c t  proportion theory as determined i n  t h i s  
s tudy (See Table XIV). 
CHAPTER V I  
INFRARED SPECTRA ANALYSIS 
In t roduc t ion .  The study of organic compounds and the  
d e t e r m i n a t i o n  of t h e i r  s t r u c t u r e  w i t h  the  use of i n f r a r e d  
s p e c t r a  has  been e s t ab l i shed  f o r  a considerable per iod of 
t ime.  Inorganic  compounds have a l s o  been s tudied i n  t h e  
l i q u i d  and gaseous s t a t e .  I n  1952, t he  potassium bromide 
p r e s s e d  d i s c  technique was introduced and i t  became poss ib l e  
t o  a n a l y z e  many types  of inorganic  s o l i d s .  It has only been 
i n  t h e  last 15 yea r s  t h a t  borates  have been s tud ied  by t h e  
p r e s s e d  d i s c  method, 
Sample - and instrument preparat ion.  The z i n c  bo ra t e s  
were prepared  i n  a s o l i d  mixture containing 400 milligrams 
of KBr and .4 mil l igrams of a z inc  borate .  This corresponds 
t o  a ,1 per  cen t  mixture of z inc  borate i n  KBr. A l l  mix- 
t u r e s  were compressed under a pressure of 20,000 pounds per  
squa re  i nch  f o r  4 t o  5 minutes. 
Prev ious  s tudy  of borates  using the  pressed d i s c  
method i n d i c a t e d  t h a t  a .5 per  cent  mixture would be a s u i t -  
a b l e  concen t r a t i on .  The .5 per cent  mixture proved t o  be 
t o 0  concent ra ted .  
A l l  I n f r a r e d  s p e c t r a  analyses ,  including the  sample 
P r e p a r a t i o n .  were conducted i n  t he  S t a t e  Agr i cu l tu ra l  Labo- 
r a t o r y  i n  Des Moines, Iowa. A Beckman IR-4 In f r a red  
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~ p e c t r o ~ h o t o m e t e r  W a s  employed. Single beam a n a l y s i s  w a s  
used on a l l  r epo r t ed  spec t ra .  Occasionally double beam 
a n a l y s i s  was employed wi th  no appreciable  change i n  s p e c t r a l  
a b s o r p t i o n  f requenc ies .  
The Beckman IR-4 was equipped with N a C l  prisms and 
used  a double  monochromator t o  he lp  cu t  down on s t r a y  
r a d i a n t  energy.  A l l  bora tes  were analyzed with a manual 
s l i t  wid th  of 3 t imes t h e  normal s l i t  width which was pro- 
gramed i n t o  t h e  Beckman instrument. 
I n f r a r e d  a n a l y s i s .  The IR-4 was purged from 1 t o  16 
microns  t o  determine any absorpt ions  e i t h e r  inheren t  i n  t h e  
o p t i c s  of t h e  ins t rument  o r  due t o  t h e  absorp t ion  of air.  
The r e s u l t s  f o r  t h e  purging were recorded i n  Figure 9 and 
were i n d i c a t e d  by t h e  black curve. 
A blank p e l l e t  containing 400 milligrams of pure KBr 
w a s  ana lyzed  f o r  t h e  above in f r a r ed  range t o  determine any 
a b s o r p t i o n s  t h a t  could be a t t r i b u t e d  s o l e l y  t o  t h e  KBr mole- 
c u l e .  The r e s u l t s  were p lo t t ed  i n  Figure 9 and were ind i -  
c a t e d  by a dashed curve.  A l l  subsequent graphs of i n f r a r e d  
s p e c t r a  con ta ined  t h e  blank KBr ana lys i s  f o r  abso rp t ion  
r e f e r e n c e s  and t o  i d e n t i f y  absorp t ion  peaks a r i s i n g  s o l e l y  
from t h e  z i n c  berates. 
The d i f f e r e n t i a l  thermal da ta .  i l l u s t r a t e d  i n  Figure  
5. i n d i c a t e d  c r i t i c a l  temperatures a t  which t h e  z i n c  bo ra t e s  
should  be s t u d i e d .  The borate  samples which had been sub- 
m 
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jected to temperatures of 110~~. 590~~. 800°c, and 1 0 8 0 ~ ~  
were investigated by infrared means at room temperature. 
The spectra of the three borates investigated in the study 
for the above tenperatures were illustrated in Figures 10, 
11, 12, and 13. 
A comparison of Figures 10 and 11 indicated the dif- 
ference between the spectra obtained for samples oven dried 
at 125'~ and samples whichwere completely dehydrated at 
585'~. Most of the absorption peaks at wavelengths longer 
than 8.5 microns were due primarily to water of hydration. 
However, all samples when heated to a temperature of 
800°c, which corresponded to the plateau in Figure 4,  
exhibited new absorption frequencies. At this temperature, 
as indicated in Figure 7, the alpha form of the borates had 
been converted to the beta form. Therefore, the new absorp- 
tion peaks at the 800'~ differential thermal analysis 
Plateau were assigned to the beta form of the berates. 
From the per cent composition analysis it was con- 
cluded that samples #112, 237, and 325 had molecular ratios 
of ZnO/B20j of approximately 1:l. 3:4, and 4:3 respectively. 
Harrison and Hu.mel found (See Figure 7) that the alpha form 
Of the borates converted somewhat sluggishly to the high 
temperature cubic beta form. This conversion corresponded 
t o  the exothermic peak reported in the differential thermal 
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i l l u s t r a t e d  t h a t  molecular r a t i o s  f o r  Z ~ O / B ~ O ~  of l e s s  than  
one were conver ted only t o  t he  cubic beta  form. Molecular 
r a t i o s  f o r  Z ~ O / B Z O ~  g r e a t e r  than  one were shown t o  be con- 
v e r t e d  at  6 0 0 ' ~  t o  t h e  be ta  ZnOmB203 form. However, mole- 
cules of a l p h a  3n0.2B203 were a l s o  present  i n  t h e  system at  
0 t empera tu re spas t  600 C. 
Sample #237 had a molecular r a t i o  of 3:4 ZnO:B20g and 
had,  t h e r e f o r e ,  only t h e  be t a  form a t  temperatures g r e a t e r  
t h a n  6 0 0 ~ ~ .  Sample #325 had a molecular r a t i o  of 4:3 
ZnO:B203 and,  t he re f  ore.  had the  beta  form of ZnO:B203 and 
t h e  a l p h a  form of 5:2 ZnO:B20g a t  temperatures s l i g h t l y  i n  
e x c e s s  of 6 0 0 ~ ~ .  
Sample #I12 had a molecular r a t i o  of 1:l ZnO:B203 
( s e e  F igu re  8)  which was exac t ly  between t h e  two phases 
i n d i c a t e d  above ( s e e  Figure 8 ) .  
F igu res  10 and 11 i l l u s t r a t e d  t h e  t r a n s i t i o n  from the  
a l p h a  t o  t h e  cubic  b e t a  form of t he  borates  by the  presence 
of new a b s o r p t i o n  peaks as the  sample's temperature was 
i n c r e a s e d  from 5 8 5 ' ~  t o  800°C. 
Sample #I12 and 325 showed i d e n t i c a l  absorp t ion  peaks 
at 8 0 0 ' ~  and sample 1,237 had absorpt ion peaks which were i n  
marked disagreement with samples #I12 and 325. Very notice- 
able a b s o r p t i o n  peaks f o r  samples #I12 and 325 were present 
a t  10.7 microns, Sample #237 showed no absorp t ion  peaks at 
t h i s  wave lewth  but  showed a t ransmit tance peak* Purther- 
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more, sample #237 had th ree  sharp absorpt ion peaks between 
11 and  1 2  microns. No absorpt ion peaks were observed i n  
t h i s  range  f o r  samples #I12 and 325. Thus, from t h e  d a t a  
r eco rded  i n  Figure  7 ,  which assigned a l l  z inc  borates  having 
a ZnO/B203 r a t i o  of l e s s  than 1/1 a beta  Zn0*B203 s t r u c t u r e .  
it w a s  concluded t h a t  sample #237 had only the  beta  form. 
F i g u r e  7 a l s o  assigned an a lpha 5Zn0*2B203 and a be t a  
ZnO.8203 phase f o r  a Z ~ O / B ~ O ~  r a t i o  of 4/3. Sample #325 was 
c a l c u l a t e d  t o  have a n  approximate 4:3 r a t i o  of Zn0 :B2O3 and 
e x h i b i t e d  i n f r a r e d  s p e c t r a  d i f f e r e n t  from sample #237. 
Theref o r e ,  t h e  i n f r a r e d  d a t a  indicated without q u a l i f i c a t i o n  
t h a t  sample #325 had a n  a lpha 5ZnOe2B2o3 phase and a be t a  
ZnOeB203. 
I n f r a r e d  s p e c t r a  ana lys i s  d i f f e r e n t i a t e d  samples #237 
and 325.  Furthermore,  it was concluded t h a t  sample #112 had 
bo th  t h e  b e t a  Zn0.B203 phase and the  alpha 9nOa2B203 phase 
p r e s e n t  a t  temperatures  i n  excess of 6 0 0 ' ~  as was ind ica ted  
i n  F i g u r e  7. 
FLgure 13 was obtained f o r  the  borates  which were 
h e a t e d  t o  temperatures  i n  excess of t h e i r  melting po in t s  o r  
approximate ly  1 1 0 0 ~ ~ .  Yhen the  samples were cooled a c l e a r  
g l a s s  w a s  formed. The g l a s s  was crushed and pulverized with  
KBr i n  a capsu le .  A s h o r t  metal rod was placed i n  the  cap- 
s u l e  w i th  t h e  mixture and the  capsule was v ibra ted  a t  
approximately  50 v i b r a t i o n s  per second f o r  one minute. 
6 3 
Figure  13 i l l u s t r a t e d  t h a t  all three g l a s s  borates  
gave t h e  same spec t r a .  The marked increase i n  absorption 
f o r  samples #237 and 325 r e l a t i v e  t o  sample #112 a t  wave- 
l e n g t h s  s h o r t e r  t han  8 microns was due t o  fogged pressed 
discs* as t h e  wavelewth approached the v i s i b l e  range 
of t h e  spectrum the  r e l a t i v e  d i f fe rence  i n  absorption became 
more apparent .  
F igure  14  was obtained from a comparison of a n  ar t i -  
f i c i a l l y  prepared g l a s s  of ZnO and B203 which were present 
i n  t h e  r a t i o  of 3:2 respect ively.  The spec t ra  obtained f o r  
t h e  a r t i f i c i a l l y  prepared g l a s s  was i d e n t i c a l  t o  the  g l a s s  
spectra obta ined  f o r  the  three  borates invest igated i n  the  
s tudy .  Thus, Figure 14 gave a q u a l i t a t i v e  proof t h a t  the  
b o r a t e  system s t u d i e d  was the ZnO-B203 system which ex i s t ed  
i n  d i f f e r e n t  r a t i o s  and gave i d e n t i c a l  g lass  in f ra red  
s p e c t r a .  
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CHAPTER V I I  
SLIMNARY . CONCLUSIONS. AND RECOMNENDATIONS 
Summary - and conclusions.  The purpose of the  study 
w a s  t o  de te rmine  t h e  composition of th ree  hydrated z inc  
b o r a t e s  which were obtained from a commercial laboratory and 
t o  de t e rmine  t h e  number of hydrated water molecules associ-  
a t e d  w i t h  each bo ra t e .  
A weight l o s s  versus  temperature study indicated t h a t  
t h e  b o r a t e s  d i d  not  l o s e  t h e i r  water of hydration i n  a 
~ ~ ~ t e p - d o w n ~ ~  process .  Hence t h e  number of water molecules 
a s s o c i a t e d  wi th  each bora te  molecule were not determined by 
t h e  number of such expected s t e p s  as was o r ig ina l ly  expected. 
A weight  l o s s  ve r sus  time study confirmed t h a t  the  water of 
h y d r a t i o n  w a s  removed i n  a gradua l  process. Also, t he  
berates l o s t  t h e i r  water  of hydration at approximately t h e  
same r a t e .  T o t a l  dehydrat ion was achieved a t  4 0 0 ~ ~ .  
D i f f e r e n t i a l  thermal ana lys i s  indicated a s t r u c t u r a l  
change occu r r inq  f o r  a l l  th ree  borates  as t h e i r  temperature 
reached  6 0 0 0 ~ .  The hea t  t ransformat ion a t  6 0 0 ' ~  was shown 
t o  be exothermic from t h e  d i f f e r e n t i a l  thermal ana lys i s  
d a t a .  D i f f e r e n t i a l  thermal ana lys i s  da t a  a l s o  revealed t h e  
m e l t i m  p o i n t s  of t h e  borates  which was indicated by an  
endothermic h e a t  t r a n s  formation a t  about 1 0 0 0 ~ ~ *  
R e f r a c t i v e  indexes of the  Z InC borate e l a s s e s  proved 
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t o  be an U ~ ~ S U C C ~ S S ~ U ~  means of determining the  per cent corn- 
p o s i t i o n  of ZnO and B2O3 i n  t he  borates.  Approximately 
i d e n t i c a l  r e f r a c t i v e  indexes were obtained f o r  a l l  g l a s s  
b o r a t e s .  
A p e r  c e n t  composition of ZnO i n  the  borates was done 
by c l a s s i c a l  vo lume t r i c  ana lys i s .  The per cent B203 i n  each 
b o r a t e  w a s  ob ta ined  by sub t r ac t ing  the  per cent ZnO and H20 
from 100 p e r  c e n t .  
Loss on d ry ing  ind ica ted  t h a t  t he  borates contained 
app rox ima te ly  .5 p e r  cen t  absorbed water. 
Molecular  r a t i o s  of ZnO:B203 were obtained by plot-  
t i n g  t h e  p e r  c e n t  weight of ZnO aga ins t  the  corresponding 
molecu la r  r a t i o s .  The molecular r a t i o s  f o r  each borate were 
o b t a i n e d  f o r  each bo ra t e  by ca l cu l a t i ng  the  molecular r a t i o  
of ZnO/B20j which corresponded t o  t h e  per  cent composition 
of ZnO ob ta ined  from c l a s s i c a l  volumetric analysis .  Samples 
, 1 1 2 ,  237, and 325 had ZnO:B203 r a t i o s  of approximately 1:1 ,  
3:4, and 4:3  r e s p e c t i v e l y .  
A t a b l e  w a s  made which indicated t h e o r e t i c a l  per cent  
l o s s  f o r  va ry ing  r a t i o s  of ZnO and B203 due t o  water of 
h y d r a t i o n .  It was found t h a t  samples #112, 237, and 325 had 
approximate ly  3 ,  1 2 ,  and 9 molecules of water respect ively .  
Th i s  corresponded t o  3 water  molecules f o r  each B203 group. 
I n f r a r e d  a n a l y s i s  confirmed the  Presence of a beta  
form p r e s e n t  a t  a temperature i n  excess of 6 0 0 ~ ~ .  The 
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infrared s p e c t r a  showed new absorp t ion  peaks f o r  each borate 
whose t e m p e r a t u r e  had been above 600'~. 
sample  #112 and  325 had i d e n t i c a l  spec t ra  and there-  
f o r e  had  t h e  same s t r u c t u r e  at temperatures i n  excess of 
600'~.  Sample #237 had d i f f e r e n t  absorp t ion  peaks than 
#112 and 325 beyond 6 0 0 ~ ~ .  
P r e v i o u s  X-ray d a t a  by Harr ison and Hummel had shown 
t h a t  b o r a t e s  which had molecular  r a t i o s  l e s s  than 1ZnO/ l~  0 
2 3 
c o n v e r t e d  t o  t h e  c u b i c  bora te  form a t  temperatures from 600 
t o  982 '~ .  Thus, it w a s  concluded t h a t  sample #237 had t h e  
beta fo rm i n  t h i s  t empera tu re  range because i t  was shown t o  
have a ZnO:B203 r a t i o  of 3:4. 
Molecular  r a t i o s  of Z ~ O / B ~ O ~  g r e a t e r  than 1/1 but 
less than 5/2 were shown t o  have the  cubic be ta  form of 
Zn0.B203 and  a n  a l p h a  form of 5Zn0.2B203. Sample #325 had a 
ZnO/B203 r a t i o  of abou t  4/3 and showed a d i f f e r e n t  spec t r a  
t h a n  sample  #237 a t  800'~. Sample #I12 had a spectrum 
i d e n t i c a l  t o  t h a t  of sample #325 a t  8 0 0 ~ ~ .  Therefore, it 
was conc luded  t h a t  sample #I12 had t h e  same s t r u c t u r e  at 
8 0 0 ' ~  as sample #325. 
0 
The b o r a t e s  formed a ,?lass when heated t o  1050 C and 
quenched i n  air.  I n f r a r e d  s p e c t r a  f o r  t h e  th ree  bora tes  
were i d e n t i c a l  which i n d i c a t e d  i d e n t l c a l  s t r u c t u r e  f o r  t he  
b o r a t e 3  when t h e i r  t empera tu res  were i n  excess of t h e i r  
m e l t i n q  p o i n t s .  
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~ecommendat ions .  A study of the  v a l i d i t y  of refrac- 
t i v e  index  of berates g l a s s e s  as a means of per cent compo- 
s i t i o n  a n a l y s i s  should be done. Various glasses could be 
heated a t  t empera tu re s  i n  excess of the  borate ' s  melting 
p o i n t s  f o r  i n c r e a s i n g  t ime periods t o  determine i f  the alpha 
to b e t a  conve r s ion  w a s  t h e  f a c t o r  a f f ec t ing  the re f rac t ive  
index measurements . 
The i n f r a r e d  a n a l y s i s  should be fu r the r  explored. 
Iuny a r t i f i c i a l  z i n c  bo ra t e s  d i f f e r i n g  only s l i gh t ly  i n  con- 
p o s i t i o n  could  be prepared and invest igated i n  the infrared 
r a r g e  t o  de te rmine  i f  the  spec t r a  was iden t i ca l  f o r  a l l  tem- 
p e r a t u r e s  and molecular  ra t ' ios  wi thin  the  phases determined 
by H a r r i s o n  and Hummel whose graph was recorded a s  Figure 7 .  
BIBLIOGRAPHY 
BIBLIOGRAPHY 
A .  BOOKS 
c l a r k ,  George L. - The E n c ~ c l o p e d i a  of Chemistry. New York: 
Reinhold P u b l i s h i n g  ~ o r p o r a t  ionS-1957. 
D a n i e l s ,  F a r r i n g t o n .  mper imen ta l  Physical  Chemistry. )Jew 
York: McGraw-Hill Company, 1941. 
Furman, Howell N. S tandard Methods of Chemical Anal sis. 
P r i n c e t o n :  D. Van Nostrand ~ o r n p r ~ ,  Inc., 19 -?+- 2 
Kemp, P e t e r  Hayden. The Chemistrx of Boron. London: Borax 
-- 
Conso l ida t ed ,  1 9 5 r  
Nemodruk, A.  A .  and 2 .  K. Karalova. Anal t i c a l  Chemistry of 
-$L- - aoron .  Je rusa lem:  Sivan Press, 19  5. 
Sneed, F o s t e r  D. and Frank M. Bikfen. Commercial Methods of 
Ana lys i s .  New York:  Chemical Publishing Company, 1967K 
~ ~ ~ ~ h - I q ~ e ,  J. "The In f ra red  Spectra of Some Vitreous and 
c r y s t a l l i n e  Borates , ' I  --- Arkiv For Kemi, X I 1  (February, 
1 9 5 8 ) ~  4'75-479- 
parsons, J. L. and M e  E. Milberg. I1Vibrational Spectra of 
Vitreous B20 *xH~O," Journal of the  Anerican Ceramic 
Soc ie ty ,  X L I ~  ( ~ u n e  TWO. 
S t e e l e ,  W. C. I1Inf r a red  Absorption of Lanthanum, Scandium, 
and Indium Borate and the Force Constants of Borate 
Ions ,  Journa l  of Chemical Physics, XXV (December, 
1956) ,  -8K 
